Key Summary Points {#FPar1}
==================

**Why carry out this study?**In order to promote diabetic management, the associated factors for adherence to medications, diet, and physical activity (PA) need to be more clearly identified amongst patients with type 2 diabetes (T2D).Although the levels of adherence to medication, diet, and physical activity have been evaluated separately in other studies in patients with T2D, few studies have simultaneously evaluated the adherence to these factors.**What was learned from the study?**Reduced adherence to medication, Mediterranean diet (MD), and PA increased HbA1c.Adherence to medication among low, moderate, and high levels was 27.2%, 59.2%, and 13.6%, respectively. Associated factors such as 50--64 years of age,  at least 65 years of age, overweight, obese, divorced widow, smoker, and ex-smoker had a significant influence on adherence to medication, *P* = 0.017, *P* = 0.018, *P* = 0.008, *P* = 0.045, *P* = 0.026, *P* \< 0.004, and *P* = 0.001, respectively.Adherence to MD among low, moderate, and high levels was 5.4%, 77.2%, and 17.4%, respectively. Associated factors such as 50--64 years of age, at least 65 years of age, overweight, obese, and smoker had a significant influence on adherence to MD, *P* = 0.011, *P* = 0.046, *P* = 0.002, *P* \< 0.001, and *P* = 0.032, respectively.Adherence to PA among low, moderate, and high levels was 21%, 68.6%, and 10.4%, respectively. Only the non-smoker factor played a significant role in PA adherence, *P* = 0.010.

Introduction {#Sec1}
============

The prevalence of type 2 diabetes mellitus (T2D) as a chronic metabolic disorder has increased dramatically in developed and developing countries while the role optimal diabetes management strategies is not defined in detail because of the complexity of its management programs and lifestyle \[[@CR1], [@CR2]\]. T2D accounts for approximately 90% of all diabetes cases worldwide. According to a projection by the World Health Organization (WHO), by 2040, 8.5% of the world's population (642 million) will have T2D in comparison to 4.7% in 1980 \[[@CR1], [@CR3]\]. Between 2010 and 2030, the number of adults with diabetes will also increase by 69% in developing countries and by 20% in industrialized countries. Asia is a major region affected by the rapidly growing worldwide T2D epidemic \[[@CR1]\]. Similar to developing countries, data revealed that Iran has had an alarming trend in T2D numbers; the prevalence of T2D amongst adults in Iran was 5.75% in 2010 and 8.7% in 2018. In general, three modifying approaches in T2D management are as follows: medication, diet, and physical activity (PA). Although the levels of adherence to medication, diet, and PA have been evaluated separately in other studies in patients with T2D, few studies have simultaneously evaluated the adherence to these factors.

Evidence showed that adherence to diet or PA in patients with diabetes is still low compared to adherence to medication. The adherence level in taking medication is crucial in the management of T2D. Medication adherence is an important determinant of therapeutic outcome such as glycemic indices and to prevent complications. According to data, adherence to medication varies from 10% to 74% in different populations \[[@CR4], [@CR5]\]. Thus, this wide range might show barriers or influences of the related factors such as age, socioeconomic status, and disease duration on adherence to medication in people with diabetes.

Data shows that a Mediterranean diet (MD) is one of the best diets for diabetes patients \[[@CR6], [@CR7]\]. In addition, a meta-analysis showed that higher adherence to MD is linked to cardiovascular disease improvement and reduced mortality \[[@CR8]\]. A balanced MD emphasizes the consumption of appropriate fats, carbohydrates, and proteins that can contribute to the reduction of blood glucose and insulin resistance. Research by Esposito et al. revealed that adherence to MD can improve the glycemic indices by reducing the need for medication \[[@CR9]\], but what they failed to do was simultaneously assess adherence to MD and medication.

There is now clear evidence that regular PA has broad health benefits, ranging from reduced cancer risk to improved chronic disease management \[[@CR10], [@CR11]\]. PA can also reduce blood glucose levels and increase insulin sensitivity \[[@CR12]\]. Although PA is a key element in the management of T2D, adherence to PA is extremely poor. A meta-analysis indicted that patients with chronic diseases had 77% adherence to the prescribed PA \[[@CR13]\]. Another study also showed that 39% of adults with diabetes reported being physically active compared to 58% of diabetes-free adults \[[@CR14]\]. To sum up, poor PA among patients with diabetes needs to be better evaluated.

Research has to fill this knowledge gap in order to better recognize optimal diabetes management in more detail. Lifestyle modification, such as MD and PA, can affect T2D management by preventing long-term complications. Clearly, low adherence to PA, diet, and medication can gradually increase the burden of the disease \[[@CR15]\]. This study was therefore conducted to determine the adherence to medications, MD, and PA amongst patients with T2D and to evaluate the associated variables such as sociodemographic characteristics and diabetic complications.

Methods {#Sec2}
=======

This cross-sectional study was conducted on 206 male and 294 female patients with diabetes who had registered in ten special diabetic clinics in Shiraz, Iran from November 2018 until April 2019. Sociodemographic data questionnaire (gender, age, education level, marital status, etc.) and having a glucometer, smoking status, and documented diabetic complications were recorded from those individuals who agreed to participate in the study. The inclusion criteria are as follows: being over the age of 30 with a history of diabetes for 2 years or more. The exclusion criteria were autoimmune diseases, steroid consumption, and inaccessible glycated hemoglobin (HbA1c) records from 6 months earlier in the aforementioned special diabetic clinics.

Data Sampling and Sample Size Calculation {#Sec3}
-----------------------------------------

The purpose of this study was to determine the effect of 15 predictors on compliance. As a rule of thumb, 30 observations were required to estimate each coefficient of multiple regression. Therefore, 450 observations were the minimum sample size required. Eventually, with 10% non-response rate and probably missing data, 500 patients with diabetes were interviewed \[[@CR16], [@CR17]\].

Ethical Approval {#Sec4}
----------------

This study was approved by the local Ethics Committee of Shiraz University of Medical Sciences (SUMS); IR.SUMS.REC.1397.972. In addition, written informed consent was obtained from each participant. This study was performed in accordance with the Helsinki Declaration of 1964 and its later amendments.

Measurements and Questionnaires {#Sec5}
-------------------------------

To obtain the adherence to medications, MD, and PA, three questionnaire were administered at the time of registration and anthropometric parameters were assessed. Patient height was measured, using a non-stretchable measuring tape to the nearest centimeter while the participants were barefoot. In addition, body weight was evaluated using SECA scales 799 (SECA, Germany) to the nearest 0.1 kg while the participants were wearing light clothing. Then, body mass index (BMI) (weight in kilograms divided by the square of height) was calculated. BMI between 25 kg/m^2^ and 29.9 kg/m^2^ is considered to be overweight and BMI greater than 30 was considered to be obese for both men and women \[[@CR18]\].

Morisky Medication Adherence Scale (MMAS-8) {#Sec6}
-------------------------------------------

The validated questionnaire \[[@CR19]\] included an eight-item Morisky medication adherence scale (MMAS-8) to evaluate the level of adherence to medication. MMAS-8 includes eight yes or no questions and responses to evaluate patient adherence to medication.Morisky medication adherence scale (MMAS-8)Adherence rateQuestionnaire scaleLow\> 2Moderate1--2High0

14-Point Mediterranean Diet Adherence Score (MEDAS) {#Sec7}
---------------------------------------------------

An expert researcher completed a validated and reliable 14-item modified MD adherence questionnaire \[[@CR19], [@CR20]\] in a face-to-face interview with the participants. This questionnaire was divided into three categories of MD adherence (score less than 5, low adherence; score 6--9, medium adherence; and score 10, high adherence).

Physical Activity Adherence {#Sec8}
---------------------------

The International Physical Activity Questionnaire (IPAQ) is a validated and reliable instrument, designed primarily for adults (age range of 15--69 years) \[[@CR21], [@CR22]\]. The IPAQ face-to-face interview format was used to evaluate the PA levels of the participants. Additionally, energy consumption was calculated on the basis of the second edition of codes and metabolic equivalent (MET) values \[[@CR23]\]. The IPAQ data were converted to MET scores (MET-min per week) for each type of activity by multiplying the number of minutes dedicated to each activity class by the specific MET score for that activity. Moreover, on the basis of the revised scoring protocol 2011, PA levels were categorized into three levels as follows: high (at least 3000 MET-min/week), moderate (at least 600 MET-minutes/week), and low (less than 600 MET-min/week) \[[@CR23], [@CR24]\].

Statistical Analysis {#Sec9}
--------------------

The data are expressed as mean ± standard deviation for numeric variables and as frequency or proportion for categorical ones. Kolmogorov--Smirnov and Levene's test were used respectively to assess normality and equality of variances. Univariable and multivariable statistical analyses were used to investigate the relation among adherence to medication, MD, and PA and associated factors. Differences in associated factors and HbA1c were compared with one-way analysis of variance (ANOVA). Ordinal logistic regression models were used to assess low, moderate, and high adherence to medication protocol, MD, and PA. Crude, adjusted OR, and 0.95 CI were estimated. For multivariate logistic regression, variables with *P* values less than 0.2 were candidates for entrance into the model. Finally, the *P* value of the proportional odds, which is the required assumption for ordinal logistic regression, is reported in tables. The analyses were done using the SPSS statistical software, version 22 and *P* ≤ 0.05 was considered to be statistically significant.

Results {#Sec10}
=======

Five hundred patients participated in this study and their mean age (± SD) was 56.92 ± 0.52 years. More than half, 294 (58.8%) were female and 412 (82.4%) were married. With regard to clinical characteristics, 143 (28.6%) participants had retinopathy, 63 (12.6%) nephropathy, 109 (21.8%) neuropathy, 107 (21.4%) cardiovascular disease (CVD), 215 (43%) hypertension, and 115 (23%) diabetic foot ulcer. The majority of patients 358 (71.6%) were under oral antidiabetic medication while 142 (28.4%) were under both insulin therapy and oral antidiabetic medication. Good glycemic control (HbA1c ≤ 7%) was found in 199 (39.8%) patients with a mean ± SD of 7.48 ± 0.06%. Response rate was 87%.

Table [1](#Tab1){ref-type="table"} shows sociodemographic characteristics of the participants and HbA1c. There was a significant difference between age groups, BMI, education level, and type of medication (*P* = 0.00, *P* = 0.00, *P* = 0.02, *P* = 0.00 respectively) in HbA1c.Table 1Sociodemographic characteristics and HbA1c in participantsVariablesNo.%HbA1c\
Mean ± SD*P* value (*T* test or ANOVA)Gender Male20641.27.47 ± 1.400.548 Female29458.87.48 ± 1.36Age group 30--4913426.87.07 ± 1.08\< 0.001 50--6422945.87.73 ± 1.51 ≥ 6513727.47.45 ± 1.30Body mass index Normal11222.47.22 ± 1.560.008 Overweight26953.87.45 ± 1.24 Obese11922.17.78 ± 1.43Marital status Single193.86.86 ± .760.100 Married41282.47.48 ± 1.40 Others6913.87.63 ± 1.33Education levels Illiterate10220.47.64 ± 1.140.024 Elementary and middle12123.17.44 ± 1.39 High school and diploma19338.67.58 ± 1.62 Academic8416.87.09 ± 0.85Type of medication Oral35871.67.29 ± 1.230.001 Insulin + OHGA14228.47.94 ± 1.60Having glucometer Yes48296.47.46 ± 1.360.449 No183.67.78 ± 1.83Diabetes in any first-degree relative Yes235477.51 ± 1.420.914 No265537.45 ± 1.34Hookah smoker Not at all36673.27.39 ± 1.330.067 Ex-smoker70147.73 ± 1.52 Smoker6412.87.69 ± 1.41Hookah smoker Not at all440887.46 ± 1.400.798 Ex-hookah smoker266.27.48 ± 1.22 Hookah smoker345.87.63 ± 1.09*OHGA* oral hypoglycemic agent

Table [2](#Tab2){ref-type="table"} presents mean ± SD HbA1c and compares adherence to medication protocol, MD, and PA at three levels. Adherence to medication protocol among low, moderate, and high levels was 27.2%, 59.2%, and 13.6%, respectively. As shown, with increased adherence to medications, the concentration of HbA1c decreased. In this table, it is apparent that there were significant differences between low, moderate, and high levels of adherence to medication protocol (*P* = 0.00), according to HbA1c. In addition, we can see that adherence to MD among low, moderate, and high levels was 5.4%, 77.2%, and 17.4%, respectively. As it can be seen, with increase in MD adherence, the HbA1c concentration was reduced. In this regard, there were significant differences between low, moderate, and high levels of adherence to MD (*P* = 0.00), according to HbA1c. As shown in Table [2](#Tab2){ref-type="table"}, there were significant differences between low, moderate, and high levels of adherence to PA (*P* = 0.001), according to HbA1c. Low, moderate, and high adherence levels were 21%, 68.6%, and 10.4%, respectively. Overall, we can see that decreased adherence to the medication protocol, MD, and PA increased HbA1c.Table 2Frequency of adherence to the medication protocol, Mediterranean diet, and physical activity and mean ± SD of HbA1cVariablesLevels of adherenceFrequencyHbA1c (mean ± SD)*P* value\*No.%Adherence to medication protocolLow13627.28.23 ± 1.54\< 0.001Moderate29659.27.32 ± 1.21High6813.66.66 ± 0.95Adherence to Mediterranean dietLow275.48.57 ± 1.94\< 0.001Moderate38677.27.63 ± 1.32High8717.46.47 ± 0.70Adherence to physical activityLow10521.09.07 ± 1.54\< 0.001Moderate34368.67.12 ± 0.92High5210.46.64 ± 1.07\**T* test or ANOVA

As all the coefficients were negative and statistically significant, it could be concluded that increasing any type of adherence would decrease HbA1c. Since all the standard errors were almost the same, the most effect size for decreasing HbA1c could be related to "Adherence to physical activity" followed by "Adherence to Mediterranean diet" and "Adherence to medication protocol". Results also showed that each level increase in adherence to physical activity, diet, and medication protocol would respectively decrease the HbA1c by almost 1, 0.6, and 0.3 units (Table [3](#Tab3){ref-type="table"}).Table 3Multiple regression to assess simultaneous effects of different adherence on HbA1cEffectCoefficientStandard error*P* value95% confidence intervalLowerUpperAdherence to medication protocol− 0.300.090.001− 0.47− 0.13Adherence to Mediterranean diet− 0.570.12\< 0.001− 0.80− 0.34Adherence to physical activity− 1.140.10\< 0.001− 1.33− 0.95

Table [4](#Tab4){ref-type="table"} presents factors associated with low, moderate, and high adherence to medication. There was a significant difference in adherence to medication in the at least 65 years of age group (OR = 0.48, 95% CI 0.26--0.88), overweight (OR = 0.53, 95% CI 0.34--0.84), divorced widow (OR = 0.28, 95% CI 6.16--8.17), ex-smoker (OR = 0.45, 95% CI 0.25--0.81), and smoker (OR = 0.24, 95% CI 0.13--0.42). In this respect, we can see a reduction in adherence to medication as the age increased. In addition, we can see a decrease in adherence to medication with an increase in weight. Also, singles had the highest adherence to medication. Details are presented in Table [4](#Tab4){ref-type="table"}.Table 4Factors associated with adherence to medication using ordinal logistic univariate and multivariate regressionFactors associatedAdherenceUnivariateMultivariateVariablesConditionsLowModerateHighCrude OR^a^ (95% CI)*P* value\**P* value\*\*Adjusted OR^a^ (95% CI)*P* value\**P* value\*\*GenderMale561292110.086*P* = 0.093Female80167471.17 (0.82--1.41)0.366Age group30--4921633010.701150--6463141250.46 (0.30--0.72)0.0010.56 (0.34--0.90)0.017≥ 655272130.31 (0.19--0.50)\< 0.0010.48 (0.26--0.88)0.018Body mass indexNormal25602710.1141Overweight74167280.54 (0.35--0.85)0.0080.53 (0.34--0.84)0.008Obese3769130.49 (0.29--0.82)0.0070.57 (0.33--0.98)0.045Marital statusSingle210710.4811Married104254540.28 (0.11--0.71)0.0070.44 (0.17--1.17)0.103Divorced, widow303270.13 (0.05--0.37)\< 0.0010.28 (0.09--0.85)0.026EducationIlliterate3757810.2741Elementary and middle school3669161.37 (0.85--2.42)0.1661.18 (0.65--2.13)0.568High school and diploma51111311.68 (1.09--2.82)0.0201.30 (0.73--2.32)0.369Higher education1259132.56 (1.43--4.57)0.0011.09 (0.53--2.22)0.804Type of medicationOral842304410.0011Insulin + OHGA5266240.72 (0.49--1.06)0.0960.85 (0.57--1.29)0.465Having glucometerYes1282786710.8321No8910.43 (0.17--1.10)0.0790.56 (0.21--1.48)0.245Diabetes in any first-degree relativeYes651343610.268No71162320.93 (0.66--1.32)0.722Smoking statusNot at all722415310.0111Ex-smoker293380.42 (0.25--0.70)0.0010.45 (0.25--0.81)0.004Smoker352270.25 (0.14--0.43)\< 0.0010.24 (0.13--0.42)\< 0.001Hookah smokerNot at all1212566310.147Ex-hookah smoker81530.82 (0.38--1.80)0.635Hookah smoker72520.99 (0.49--1.97)0.984\**P* value for the relationship between adherence and the factor under study\*\**P* value for proportional odds assumption^a^*OR* ordinal logistic regression for comparing low, moderate, and high adherence to medication

Table [5](#Tab5){ref-type="table"} presents factors associated with low, moderate, and high adherence to MD. There was a significant difference in adherence to medication in the 50--64 age group (OR = 0.49, 95% CI 0.28--0.84), at least 65 age group (OR = 0.47, 95% CI 0.23--3.71), overweight (OR = 0.44, 95% CI 0.26--0.74), obese (OR = 0.29, 95% CI 0.15--0.56), single (OR = 2.84, 95% CI 1.79--3.84), illiterate (OR = 0.29, 95% CI 0.15--0.56), and smoker (OR = 0.46, 95% CI 0.23--0.93). In this respect, we can see a reduction in adherence to MD as the age increased. Furthermore, we can see a reduction in adherence to MD with an increase in weight. In addition, the smokers had low adherence to MD. Details are presented in Table [5](#Tab5){ref-type="table"}.Table 5Factors associated with adherence to Mediterranean diet using ordinal logistic univariate and multivariate regressionFactors associatedAdherenceUnivariateMultivariateVariablesConditionsLowModerateHighCrude OR^a^ (95% CI)*P* value\**P* value\*\*Adjusted OR^a^ (95% CI)*P* value\**P* value\*\*GenderMale141563610.292*P* = 0.050Female13230511.10 (0.72--1.69)0.630Age group30--497854210.084150--6412186310.39 (0.24--0.65)\< 0.0010.49 (0.28--0.84)0.011≥ 658115140.31 (0.17--0.56)\< 0.0010.47 (0.23--0.98)0.046Body mass indexNormal7693610.0591Overweight11217410.46 (0.28--0.75)0.0020.44 (0.26--0.74)0.002Obese9100100.25 (0.13--0.48)\< 0.0010.29 (0.15--0.56)\< 0.001Marital statusSingle19910.4551Married23322670.23 (0.09--0.59)0.0100.53 (0.19--1.46)0.222Divorced, widow355110.24 (0.22--0.27)0.0020.92 (0.27--3.07)0.893EducationIlliterate493510.0161Elementary and middle school892211.75 (0.92--3.35)0.0951.72 (0.81--3.61)0.152High school and diploma11144382.08 (1.13--3.83)0.0181.80 (0.86--3.72)0.113Higher education457233.20 (1.58--6.45)0.0011.83 (0.77--4.36)0.170Type of medicationOral172707110.6041Insulin + OHGA10116160.55 (0.34--0.90)0.0180.67 (0.40--1.11)0.126Having glucometerYes233768310.014No41040.50 (0.15--1.64)0.262Diabetes in any first-relativeYes111853910.396No16201481.01 (0.67--1.54)0.934Smoking statusNot at all152826910.6231Ex-smoker555100.67 (0.35--1.25)0.2160.77 (0.40--1.47)0.433Smoker74980.49 (0.25--0.96)0.0380.46 (0.23--0.93)0.032Hookah smokerNot at all243377910.510Ex-hookah smoker22040.77 (0.47--1.29)0.612Hookah smoker12940.81 (0.34--1.89)0.626\**P* value for the relationship between adherence and the factor under study\*\**P* value for proportional odds assumption^a^*OR* ordinal logistic regression for comparing low, moderate, and high adherence to Mediterranean diet

Table [6](#Tab6){ref-type="table"} presents factors associated with low, moderate, and high adherence to PA. There was a significant difference in adherence to PA in smoker (OR = 0.47, 95% CI 0.26--0.83). Also, in terms of adherence to PA, people who had never smoked were more likely to have high adherence to PA. Details are presented in Table [6](#Tab6){ref-type="table"}.Table 6Factors associated with adherence to physical activity using ordinal logistic univariate and multivariate regressionFactors associatedAdherenceUnivariateMultivariateVariablesConditionsLowModerateHighCrude OR^a^ (95% CI)*P* value\**P* value\*\*Adjusted OR^a^ (95% CI)*P* value\**P* value\*\*GenderMale431342910.056NA*P* = 0.052Female62209230.79 (0.54--1.15)0.227Age group30--49151071210.010150--6458150210.57 (0.36--0.90)0.0180.97 (0.39--1.07)0.095≥ 653286190.73 (0.44--1.23)0.2420.93 (0.52--1.88)0.994Body mass indexNormal26741210.148Overweight49195251.16 (0.73--1.84)0.527Obese3074150.98 (0.57--1.69)0.956Marital statusSingle214310.6331Married89284390.50 (0.18--1.36)0.1800.65 (0.23--1.84)0.420Divorced, widow1445100.64 (0.21--1.91)0.4310.94 (0.28--3.09)0.927EducationIlliterate29601310.0571Elementary and middle school2681141.28 (0.73--2.23)0.3841.65 (0.89--3.05)0.110High school and diploma41133191.21 (0.73--2.01)0.4481.59 (0.87--2.89)0.129Higher education96961.66 (0.89--3.08)0.1051.70 (0.80--3.56)0.163Type of medicationOral602643410.001Insulin + OHGA4579180.60 (0.40--0.90)0.016Having glucometerYes1023305010.809No31321.22 (0.44--3.36)0.688Diabetes in any first-degree relativeYes541552610.283No51188261.11 (0.76--1.61)0.577Smoking statusNot at all702514510.3631Ex-smoker164950.71 (0.41--1.22)0.2250.76 (0.44--1.72)0.332Smoker194320.48 (0.28--0.84)0.0100.47 (0.26--0.83)0.010Hookah smokerNot at all923034510.718Ex-hookah smoker41931.30 (0.55--3.06)0.535Hookah smoker92140.84 (0.40--1.74)0.642\**P* value for the relationship between adherence and the factor under study\*\**P* value for proportional odds assumption^a^*OR* ordinal logistic regression for comparing low, moderate, and high adherence to physical activity

Table [7](#Tab7){ref-type="table"} presents detail information regarding the association between diabetic complications and adherence to medication protocol, MD, and PA. In this regard, adherence to medication protocol, MD, and PA reduced the chance of retinopathy by 57%, 83%, and 51%, respectively. Moreover, adherence to medication protocol, MD, and PA reduced the chance of neuropathy by 86%, 94%, and 99%, respectively. Also, adherence to medication protocol, MD, and PA reduced the chance of nephropathy by 49%, 86%, and 46%, respectively. Furthermore, adherence to medication protocol, MD, and PA reduced the chance of CVD by 62%, 68% and 73%, respectively. Additionally, adherence to the medication protocol, MD, and PA reduced the chance of hypertension (HTN) by 99%, 82%, and 50%, respectively. In addition, adherence to the medication protocol, MD, and PA reduced the chance of diabetic foot ulcer by 54%, 83%, and 60%, respectively.Table 7Association of diabetic complication and adherence to medication protocol, Mediterranean diet, and physical activityComplicationAdherenceMedication adherenceMediterranean diet adherencePhysical activity adherenceHighNon-high (moderate plus low)OR (95% CI)HighNon-high (moderate plus low)OR (95% CI)HighNon-high (moderate plus low)OR (95% CI)Retinopathy  Yes111320.439 (0.22--0.86)71360.178 (0.08--0.39)91340.49 (0.23--1.03)  No573008027743314Neuropathy  Yes31060.142 (0.04--0.46)21070.067 (0.01--0.27)11080.006 (0.06--0.45)  No653268530651340Nephropathy  Yes5580.512 (0.19--1.32)2610.136 (0.03--0.56)4590.54 (0.19--1.58)  No633748535248389CVD  Yes71000.381 (0.16--0.85)8990.321 (0.15--0.68)41030.279 (0.09--0.79)  No613327931448345HTN  Yes181970.004 (0.24--0.76)132020.184 (0.09--0.34)152000.503 (0.26--0.94)  No502357421137248Diabetic foot ulcer  Yes91060.469 (0.22--0.97)51100.168 (0.06--0.42)61090.406 (0.16--0.97)  No593268230346339*CVD* cardiovascular disease, HTN hypertension

Discussion {#Sec11}
==========

This study was carried out to determine the association among adherence to medication, MD, and PA with sociodemographic characteristics and diabetic complications in patients with T2D. Our findings revealed that levels of adherence to MD and PA were not within the acceptable range. Overall, the data showed that reduced adherence to medication protocol, MD, and PA increased HbA1c. The results of this investigation indicated that four sociodemographic factors, namely age group (50--64 and at least 65 years of age), BMI, marital status, and smocking status, had significant influence on adherence to medication. Moreover, the associated factors, such as age groups (50--64 and at least 65 years of age), BMI, and smoking played an important role in low, moderate, and high levels of adherence to MD, whereas just the factor non-smoker played an important role in low, moderate, and high levels of adherence to PA. Adherence to medication protocol, MD, and PA also affected the reduction of diabetic complications and comorbidity.

Patient adherence to antidiabetic medication is essential in preventing the undesirable complications of diabetes and reducing the utilization of healthcare resources. According to previous studies, approximately 50% of patients with T2D were unsuccessful in attaining adequate glycemic control, and low adherence to medication was one of the primary causative factors \[[@CR25]\]. The present study revealed that levels of low, moderate, and high adherence to medication protocol amongst patients with diabetes were 27.2%, 59.2%, and 13.6%, respectively. These results differ from those of Elsous et al., who estimated 2.5%, 39.5%, and 58% of low, moderate, and high adherence to medication protocol \[[@CR5], [@CR20]\]. These differences can be explained because adherence to medication is affected by many factors, including social and economic factors, attitudes, motivations and levels of physical/cognitive impairment of patients, severity of medical conditions, and the healthcare system in which the patient receives care. In accordance with the present result, a previous study showed that levels of low, moderate, and high adherence to medication protocol were 10.7%, 34.5%, and 54.8%, respectively \[[@CR4]\]. Furthermore, increasing the level of adherence to medication related to lowering HbA1c was reasonable. Findings of the current study and those from the study by Doggrell and Warot confirm this relationship amongst patients with diabetes \[[@CR26]\].

Adherence to medication can be improved by analyzing the associated factors. In the present study, there was a reduction in adherence to medication as the age of participants increased. This finding was in line with research in Malaysia, which showed that reduction of 1 year in the age of participants increased the probability of non-adherence to medication by 3.4% \[[@CR27], [@CR28]\]; however, another study did not find any relationship between age and adherence to medication \[[@CR29]\]. These differences can be explained in part by the different socioeconomic status of the studied population. In addition, our findings revealed that people with normal weight had higher adherence to medication in comparison to overweight and obese individuals. This finding was in line with the SHIELD study \[[@CR30]\]. It is notable that one of the potential confounding factors might be the high prevalence of depression amongst obese people, which could lead to decrease in medication adherence \[[@CR28], [@CR31]\]. Moreover, our findings indicated that the relationship between gender and adherence to medication was not significant. This important finding is consistent with the study by Tiv et al. \[[@CR29], [@CR32]\]. Contrary to our expectations, we did not find a significant difference between educational level and adherence to medication. This result seem to be consistent with a recent study \[[@CR29]\]. However, the findings of the current study did not support a significant relation between educational level and adherence to medication \[[@CR33]\]. Finally, current smokers and ex-smokers had less adherence to medication compared to non-smokers. This finding was also reported by Sherman and Lynch \[[@CR34]\].

Dietary adherence of patients with diabetes is necessary for effective therapy and regular glycemic control. Several studies have shown that MD is a suitable diet in the nutritional management of diabetes. In the current study, the level of high adherence to MD was 17% (85 patients) higher than in the previous studies amongst patients with CVD, which showed 2% high adherence to MD \[[@CR35]\]. This result was lower than that in research by Esposito et al., which indicated that 24% of patients with diabetes had high adherence to MD \[[@CR6]\]. One unexpected finding was that 77.2% of patients had moderate adherence to MD. This finding was higher than the previous studies, which showed 55% adherence to MD in CVD \[[@CR35]\] and 50% in patients with diabetes \[[@CR6]\]. A possible explanation for this could be increased awareness amongst patients with diabetes as a result of annual diabetic campaigns and patient education at the registered diabetic clinics.

In this research, while there was a positive relationship between adherence to MD and age groups (50--64 and at least 65 years of age), overweight, obesity, and smoker, there was no relationship between adherence to MD and gender, family history of diabetes, type of medication, level of education, marital status, and hookah smokers. On the basis of previous research, adherence to MD was inversely correlated with BMI amongst adolescents \[[@CR36]\], and there was no significant relationship between adherence to MD and BMI in healthy adults \[[@CR37]\]. This discrepancy could be attributed to differences in the characteristics of the study population. Furthermore, contrary to the current finding, a previous study by Parajuli et al. found that male participants adhered more to their MD than female ones did \[[@CR38]\]. Although marital status had no significant association with adherence to MD in our research, Albuquerque et al.'s research found that being single had high a correlation with adherence to MD amongst patients with diabetes \[[@CR39]\]. As well as contributing factors for non-compliance with diet, Parajuli et al.'s research included divorced status, negative family history of diabetes mellitus, and low knowledge of diabetes mellitus \[[@CR38]\]. On the basis of previous research, adherence to MD can be related to PA and educational level \[[@CR14]\]. This discrepancy could be attributed to different sociocultural differences.

Regular PA is a primary component in management of T2D. Data from a review of the literature revealed a link between regular PA and glycemic control amongst patients with diabetes \[[@CR12]\]. Low adherence to PA is a result of sedentary lifestyle, which increased the risk factors for cardiometabolic diseases \[[@CR40]\]. In the current study, low adherence to PA was observed in 21.2% (105 patients), but in previous studies in the normal and diabetic population the corresponding value was 40% (in the total Iranian population) and 45% (in the diabetic population), respectively \[[@CR41]\]. One possible explanation for this could be the growing awareness of patients with diabetes that has contributed to reducing the frequency of sedentary lifestyle in the last decade. Another aspect in the present research was moderate PA of 25.6%, which was greater than moderate adherence to PA of 43% in another study \[[@CR42]\].

In the current study, there was a significant relationship between smoking status and adherence to PA, but there was no relationship between adherence to PA and gender, age group, BMI, marital status, type of medication, having a glucometer, and hookah smoker. However, factors for low adherence to PA in previous study were divorce status, negative family history of diabetes mellitus, and low socioeconomic status \[[@CR38]\]. To sum up, as a result of the diversity in factors contributing adherence to PA and sedentary lifestyle amongst the study population, sociodemographic approaches to interpreting PA might be warranted \[[@CR43], [@CR44]\].

Adherence to medication, MD, and physical activity amongst patients with T2D can have an influence on complications and comorbidities. Our findings indicate that adherence to medication protocol reduces the chance of retinopathy, nephropathy, neuropathy, CVD, HTN, and diabetic foot ulcer. However, caution must be applied and future studies are essential when interpreting the results. Overall, our findings indicate that adherence to MD can reduce the chance of retinopathy, nephropathy, neuropathy, CVD, HTN, and diabetic foot ulcer. Moreover, our findings indicate that adherence to PA reduces the chance of retinopathy, nephropathy, neuropathy, CVD, HTN, and diabetic foot ulcer \[[@CR2]\].

A limitation of study was the unavailability of more than 4 years' worth of documentation because these special diabetes clinics only started in Iran in recent years. Another limitation could be the small sample size used for further analysis.

Conclusion {#Sec12}
==========

Even though the prevalence of diabetic and special diabetic clinics has increased, levels of adherence to medications, diet, and PA amongst patients with T2D are not within an acceptable range. Overall, the current findings showed that reduced levels of adherence to medication protocol, MD, and PA were associated with increased HbA1c. Also, failure to achieve optimal control might be linked to insufficient understanding of the associated factors. Despite the wide variety of factors contributing to adherence to medications, diet, and PA among patients with T2D, adherence-associated factors could be added to the diabetic guidelines to improve glycemic management. In addition, on the basis of the associated factors, an educational package for healthcare providers in primary care centers should be developed and tailored to convey an appropriate message for promoting adherence to medication, diet, and physical activity among patients with T2D.

**Enhanced Digital Features**

To view enhanced digital features for this article go to 10.6084/m9.figshare.11358593.

All data generated or analyzed during this study are included in this published article. We thank the participants of the study.

Funding {#FPar2}
=======

This article is the result of a Master's Thesis supported by Shiraz University of Medical Sciences (18110). No Rapid Service Fee was received by the journal for the publication of this article.

Editorial Assistance {#FPar3}
====================

The authors wish to thank Mr. H. Argasi of the Research Consultation Center (RCC) of Shiraz University of Medical Sciences for his invaluable assistance in editing this manuscript. This assistance was funded by Shiraz University of Medical Sciences.

Authorship {#FPar4}
==========

All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article, take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.

Authorship Contributions {#FPar5}
========================

HK and MHS contributed to study conception and design. AM contributed to the study design, HK data acquisition and data analysis. MS contributed to the study design and statistical analysis. All authors interpreted the data and reviewed and edited the manuscript for important intellectual content. All authors have read and approved the final version of the manuscript.

Disclosures {#FPar6}
===========

Alireza Mirahmadizadeh, Haniye Khorshidsavar, Mozhgan Seif, and Mohammad Hossein Sharifi have nothing to disclose.

Compliance with Ethics Guidelines {#FPar7}
=================================

This study was approved by the local Ethics Committee of Shiraz University of Medical Sciences (SUMS); IR.SUMS.REC.1397.972. In addition, written informed consent was obtained from each participant. This study was performed in accordance with the Helsinki Declaration of 1964 and its later amendments.

Open Access {#d29e4330}
===========

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (<http://creativecommons.org/licenses/by-nc/4.0/>), which permits any noncommercial use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
